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Long-term suspended-sediment concentration and load records are available for 23 Water Survey of Canada sediment- 
monitoring stations in the Saskatchewan River basin, where the drainage areas range from 10 to over 300000 km2. Mean 
annual sediment yield is greatest in the western Alberta Plains along the Oldman and Red Deer rivers (over 100 t km-' year-') 
and tends to increase downstream along the North and South Saskatchewan rivers until major reservoirs in Saskatchewan 
intervene. Average sediment concentration shows a pattern of variation similar to that of yield. Temporal aspects of' 
suspended-sediment transport vary along the drainage network. The range and skewness of the yield-duration and concentra- 
tion-duration curves are greater in the intermediate-size basins close to the Rocky Mountains and in two small basins with 
Prairie sources than they are in the large Prairie streams with mountain sources and the glacier-fed upper North Saskatchewan 
River. Similarly, infrequent flows transport a larger proportion of the annual load in the smaller Foothills and western Plains 
basins than in the large Prairie streams because of differences in drainage area and discharge regime. 
Des enregistrements de longues durCes portant sur la concentration et la charge des sediments en suspension sont disponibles 
pour 23 stations de surveillance de la Commission des eaux du Canada implantees dans le bassin de la rivibre Saskatchewan oh 
les aires de drainage varient de 10 B plus de 300 000 km2. La production annuelle moyenne de sCdiments atteint s l  apogCe dans 
la partie occidentale des Plaines de l'Alberta, le long des rivibres Oldman et Red Deer (plus de 100 t k m 2  annCe-'), et elle tend 
h s'accroitre en aval le long des rivibres  aska at chew an Sud et Nord jusqu'au lieu de dkversement dans les grands rkservoirs. La 
concentration moyenne et la production des skdiments suivent un mCme mode de variation. Les donnCes temporelles pour le 
transport des sediments en suspension different le long du reseau de drainage. La variation et l'indice de symktrie dans les 
courbes de temps de la concentration et de la production des sCdiments sont plus grands dans les bassins de dimension inter- 
mCdiaire situts prks des Rocheuses et aussi dans deux petits bassins aliment& par les cours d'eau des Prairies qu'ils le sont 
dans le haut de la rivibre Saskatchewan Nord prenant sa source dans le glacier il en est ainsi pour les cours d'eau peu frkquents 
qui transportent une grande proportion de la charge annuelle vers les plus petits bassins des Foothills et des Plaines 
occidentales plutBt que dans les grandes rivibres des Prairies ?i cause de versants et de rkgimes de debit diffkrents. 
[Traduit par la revue] 
Can. J. Earth Sci. 25. 1450-1463 (1988) 
Introduction 
Suspended-sediment loads and their pattern of spatial and 
temporal variability have been reported at a variety of scales 
from all over the world (Walling and Webb 1983). Numerous 
studies of the influence of climate, topography, land use, lith- 
ology, basin area, and other factors have sought to predict 
long-term fluvial denudation rates and to assess the impact of 
human activities on short- and long-term erosion rates. How- 
ever, temporal aspects of suspended-sediment transport includ- 
ing inter- and intrabasin contrasts in the timing of sediment 
transport and the relative importance of events of different 
magnitudes and frequencies have received comparatively little 
attention (Webb and Walling 1984). 
The regional patterns of sediment yield in Canada were first 
summarized by Stichling (1973). Subsequently, Dickinson and 
Wall (1977) described contrasts in the timing and magnitude- 
frequency characteristics of sediment load in selected basins 
from several regions across the country. More recently, sum- 
maries of the suspended sediment data collected at individual 
Water Survey of Canada stations have been published, includ- 
'Present address: Department of Geography, The University of 
Western Ontario, London, Ont., Canada N6A 5C2. 
ing stations in the Saskatchewan River basin (e.g., Day and 
Spitzer 1985; Northwest Hydraulic Consultants Limited 1986; 
Ashmore 1987; Hudson and Askin 1987; Hydrocon Engineer- 
ing Limited 1987). 
A number of previous studies reported on sediment loads of 
the major rivers in the Saskatchewan River basin (Kuiper 
1962; Slaymaker 1972; Slaymaker and McPherson 1973; 
Stichling 1973). In addition, there are several studies of the 
sediment yield of streams in various parts of the basin and with 
a wide range of drainage areas. 
In some small mountain basins annual yields exceed 1000 t 
kmP (e.g., McPherson 1971; Nanson 1974), although much 
of this sediment is deposited along the larger river valleys 
(Shaw and Kellerhals 1982). Along with the generally coarse 
colluvium and dense forest cover this results in relatively low 
sediment yields (less than 10 t kme2 year-') from many of the 
mountain drainage basins (Hudson 1983; Ashmore 1986). The 
larger Foothills and Plains rivers have annual sediment yields 
of 10-100 t krn-2 (Stichling 1973; Luk 1975; McPherson 
1975; Campbell 1977; Neil1 and Mollard 1982; Hudson 1983). 
There is a general tendency for yields to be higher in the Plains 
region than in the Foothills because of the large sediment 
supply from valley-side gullies, badlands, and slumps in the 
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FIG. 1. Drainage system, physiographic regions, and the location of long-term Water Survey of Canada sediment stations. 
glacial deposits and erodible Cretaceous sediments of the 
Plains. Although the general pattern of sediment yield in 
the region is known, the spatial and temporal variability of 
suspended-sediment transport has not previously been synthe- 
sized for the entire Saskatchewan River basin nor for any other 
major Canadian river system. 
The Water Survey of Canada has operated a network of sedi- 
ment stations in the Saskatchewan River basin for over 20 
years. The present data base includes more stations and a 
longer period of record than was available for previous sum- 
maries such as Stichling's (1973). This expanded data base is 
arguably the best available for a major Canadian river basin. 
The Saskatchewan River basin is also of interest because of the 
pronounced contrasts in the physical environment within the 
drainage basin between the Rocky Mountains and the Prairies 
and also because issues of water quality and water supply, as 
well as the physical aspects of erosion and sedimentation, are 
of great importance to the region. 
This paper summarizes the patterns of long-term suspended- 
sediment load and yield, as well as differences in regime and 
the magnitude - frequency characteristics of suspended-sedi- 
ment transport between streams in the Saskatchewan River 
basin. Rigorous analysis of these patterns is hampered by the 
differing length and period of records between the various 
sediment stations. Reducing the records to a common period 
involves sacrificing large quantities of data, which would con- 
siderably reduce the accuracy and precision of the load esti- 
mates, and in some cases it is impossible because there is no 
overlap. Although the average annual load is sensitive to dif- 
ferences in the period and length of record, this is less true of 
the duration and magnitude-frequency characteristics, and in 
neither case are the consequences of the differences in period 
of record so severe as to alter the trends in sediment-transport 
regime described in the paper. 
A further problem in analysis is that the station network was 
designed to monitor long-term sediment loads, not for the 
analysis and explanation of differences in sediment-transport 
regimes. Consequently, the sample consists of small basins in 
the Rocky Mountains and Foothills and much larger basins in 
the Prairies, making impossible the separation of the effect of 
drainage area from the effects of other environmental factors. 
Hence, this paper is largely devoted to describing the trends in 
sediment regime that can be identified within the basin. Fur- 
ther details are contained in Ashmore (1986). 
Physical geography of the Saskatchewan River basin 
The Saskatchewan River drains an area of approximately 
363 000 krnz extending from the continental divide to Lake 
Winnipeg (Fig. 1). There are few natural lakes on the main 
streams of the basin except in the Cumberland Delta and the 
extreme northeastern portion of the basin bordering the Cana- 
dian Shield. However, there are several reservoirs, most 
importantly Lake Diefenbaker and Tobin Lake, which influ- 
ence the flow regime of the rivers and are important sediment 
traps. 
The phy siographic contrast between the Alberta - Saskatche- 
wan plains and the Rocky Mountains - Foothills along the 
western margin of the basin is significant because of associated 
differences in precipitation and runoff (Figs. 2a -2c); the com- 
bined mean annual flow of the North Saskatchewan River, Red 
Deer River, Bow River, and Oldman River in western Alberta 
accounts for about 70% of the mean annual flow of the Sas- 
katchewan River at The Pas, Manitoba. The rolling and hum- 
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FIG. 2. Physical geography of the Saskatchewan River basin: (a) relief; (b) mean annual precipitation (mm); (c) mean annual runoff (mm); 
(d) natural vegetation. 
mocky topography of the Prairies contains large areas that are 
internally drained and do not contribute sediment to the main 
river system. 
The natural vegetation (Fig. 2d) is largely unaltered in the 
Rocky Mountains and Foothills and the northwestern portion 
of the Plains, but a large part of the natural grassland and park- 
land of the Prairie portion of the basin has been replaced by 
farm land. 
Data 
Since 1961 the Water Survey of Canada has routinely 
collected suspended-sediment samples at hydrometric stations 
in Canada. Samples are collected using standard United 
States Geological Survey depth-integrated suspended-sediment 
samplers at a single vertical in the rated cross section (Stichling 
1973). There are 112 stations in the Saskatchewan River basin 
at which sediment samples have been collected, but only 20 or 
30 of these may be active in any given year. At many of these 
stations sampling frequency is inadequate to enable long-term 
average concentration and load to be calculated. Conse- 
quently, this paper concentrates on 23 stations with long-term 
records, several of which were established at the inception of 
the national program in the early 1960's. These stations are 
listed in Table 1, and their location is shown in Fig. 1. Their 
drainage areas range from 10 to over 300 000 km2. 
Sampling at these stations covers either the entire year 
("continuous") or the open-water season from March or April 
to October ("seasonal"). Samples are collected every few 
days during average flow conditions and more frequently 
during flood events. A continuous plot of concentration is 
interpolated by hand between samples, and the daily mean 
concentration and load are then calculated. This method is dif- 
ferent from the rating curve technique commonly used in sedi- 
ment-yield studies. 
Seasonal sediment load 
It is not possible to calculate the mean annual sediment load 
for the period of record at all the stations because in some cases 
data have been collected only during the open-water season. In 
the cases where year-round sampling has occurred, the sedi- 
ment load transported during winter (November to March) 
accounts, on average, for less than 5 % and as little as 0.5 % of 
the annual load. Assuming that this applies to the remaining 
stations, the seasonal (April to October) load is a close approx- 
imation to the annual load. In two cases (Bow River at Calgary 
and South Saskatchewan River at Saskatoon) flow regulation at 
upstream dams has reduced summer flows and consequently 
has increased the proportion of the annual load carried during 
winter. At these two stations the annual loads have been used. 
It is not possible to compile a completely accurate picture of 
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FIG. 3. Mean seasonal suspended-sediment load at Water Survey of Canada sediment stations. 
the variation in annual sediment load because of discrepancies 
caused by differences in the period of record. Table 1 displays 
the seasonal suspended-sediment loads together with the stan- 
dard error of the estimate of the mean and the skewness of the 
distribution of annual load. The standard error of the estimate 
of the mean ranges from 6.1 to 61.3 % of the mean and tends to 
be greater for the smaller mountain and Foothills streams than 
for the large Prairie streams. However, differences in the 
length of record are responsible for some of this variation. The 
mountain and Foothills streams. as well as the two Prairie- 
source streams, also have greater positive skewness of the 
annual load series than the large Prairie streams. 
The variation of annual load within the Saskatchewan River 
basin is shown in Fig. 3. Much of the annual sediment load of 
the South Saskatchewan River is derived from the Alberta por- 
tion of the basin and is now deposited in Lake ~iefenbaker 
(Yuzyk 1983). Thus, the mean annual load at Saskatoon 
(downstream of the Gardiner Dam) is now less than 0.5 x lo6 t 
(see also Rasid 1979), compared with an estimated 6 x lo6 t 
prior to the dam construction. 
Similarly, the trapping of sediment in Tobin Lake (Squaw 
Rapids Dam, 1962) has caused a reduction from 9 x lo6 t per 
year to practically zero in the sediment load entering the Cum- 
berland Delta area. Despite this, the Saskatchewan River at 
The Pas still transports a mean annual sediment load of 2 x 
lo6 t (reduced from an estimated 4 x lo6 t prior to dam con- 
struction (Northwest Hydraulic Consultants Limited 1986)). 
The load of tributaries such as the Carrot River cannot account 
for all of this load, and therefore it is possible that the Cumber- 
land Delta is now an area of net erosion. 
Plots of cumulative deviation from the mean seasonal load 
over the period of record show a similar pattern of variation in 
all cases (Fig. 4): a period of above average loads from the 
early 1960's to the mid 1970's followed by consistently small 
loads after 1975. The similar pattern of variation on all the 
major rivers of the drainage basin suggests that it is primarily 
the result of natural flow variation rather than regulation and 
abstraction. 
Annual sediment yield 
Calculation of the mean annual sediment yield (load per unit 
area) for many of the Prairie drainage basins is complicated by 
the presence of large areas of internal drainage, which makes it 
difficult to decide on an appropriate measure of drainage area. 
The areas of internal drainage include both large drainage sys- 
tems of several thousand square kilometres as well as a myriad 
small hollows, depressions, and sloughs (Stichling and Black- 
well 1957). The area of internally drained land ("dead" drain- 
age area) upstream of each Water Survey of Canada gauging 
station has been measured from 1 : 50 000 topographic maps 
by Prairie Farm Rehabilitation Administration (1983). When 
subtracted from the total drainage area within the drainage 
divide, the resulting "effective" area gives an estimate of the 
area contributing runoff, and therefore potentially contributing 
sediment, to the main stream system. 
The effective area was used to calculate the sediment yield, 
although in some cases the drainage area upstream of lakes 
and reservoirs was also subtracted. The drainage area calcu- 
lated as a result of these adjustments is referred to here as the 
potential sediment-contributing area. The yields from the 
Prairie basins are more comparable with data from basins with- 
out large areas of internal drainage when calculated by this 
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OLDMAN RIVER NEAR BROCKET 
- 2  1 I 
I ' r l r r l l l l l l " l '  
1970 1975 1980 
u m
0 1 RED DEER RIVER NEAR BINDLOSS 
SASKATCHEWAN RIVER AT THE PAS 
Time (years) 
FIG. 4. Cumulative deviation from the mean annual sediment load 
from 1963 to 1983 at selected stations. 
method than if they were calculated from the total drainage 
area. Note that the absence of sediment data for the North Sas- 
katchewan River between Whirlpool Point (05DA009) and 
Prince Albert (05GG001) means that much of the discussion of 
the variation in sediment yield applies to only the South Sas- 
katchewan River basin. 
There is a general tendency for the smaller headwater basins 
in the Rocky Mountains and Foothills to have relatively low 
yields and for yields to increase downstream into the larger 
basins of the Alberta Plains (Fig. 5). This can be seen clearly 
by examining the trend along rivers such as the Red Deer or the 
Oldman - South Saskatchewan. The high yield from the gla- 
cierized upper North Saskatchewan River basin (at Whirlpool 
Point, 05DA009) is an exception. Annual sediment yield 
declines again along the large rivers in the eastern portion of 
the basin. 
The consequence of high yields combined with the large 
drainage area of most of the Prairie rivers in the sample is that 
sediment yield shows a positive correlation with drainage area 
(although the correlation coefficient is 0.302, which is not sig- 
nificant at the 0.1 significance level) (Fig. 6). Hudson (1983) 
described a similar pattern for the Elbow River as it flows from 
the Rocky Mountains through the Foothills into the Alberta 
Plains, as did Campbell (1977) for the Red Deer River. Very 
high annual yields have also been measured from rating curve 
calculations in the High Plains tributaries of the Oldman River, 
such as the Belly River (190 t km-2 year-') and Waterton River 
(90 t km-' year-'), which, along with erosion along the main 
stem, accounts for the large yield from the Oldman River basin 
between Brocket and Lethbridge (Ashmore 1986). In both the 
Elbow and Red Deer river basins, and presumably also in the 
Oldman River basin, riparian sediment sources on the Prairies 
are the dominant factor accounting for the increase in annual 
yield downstream. 
Existing data on the relationship between drainage area 
and sediment delivery ratio, mainly derived from small 
(< 1000 km2) agricultural basins (see, for example, Walling 
and Webb 1983, Fig. 4.8), demonstrate that sediment yield 
declines downstream through a drainage basin because of 
gentler hillslope gradients and storage of sediment in the lower 
reaches. However, in very large drainage basins within which 
there may be pronounced contrasts in geology, relief, and land 
use this model is likely to be inapplicable. A better alternative 
in such cases would be to consider the variation in sediment 
yield downstream through the drainage network as being 
strongly dependent on the juxtaposition of major sediment 
source areas and sinks within the drainage basin. Sediment 
load and yield would fluctuate downstream in response to the 
arrangement of these sources and sinks. In the  aska at chew an 
River basin the steep-sided valleys entrenched into glacial 
deposits and weak bedrock of the Plains are primarily respon- 
sible for the increase in sediment yield in the Alberta Plains 
area and hence for the increase in yield downstream along the 
main rivers. 
The dominance of the Prairie region as a sediment source for 
these rivers becomes more apparent when the mean annual 
sediment yield for the portions of each drainage basin between 
adjacent sediment stations on the same river is calculated. The 
result of doing so (Fig. 7) is that the relationship between yield 
and drainage area is less apparent (the correlation coefficient is 
less than 0.1); instead there is a distinction between a group of 
stations with yields less than 40 t km-2 year-', which are 
mainly mountain and Foothills basins, and a second group with 
yields over 50 t kmw2 yearw1, which are primarily larger Plains 
basins. This confirms the significance of the sediment sources 
in the western Plains to the variation in yield along the main 
streams of the drainage basin. 
Average annual concentration 
An alternative to standardizing the sediment loads of rivers 
with different drainage areas is 6 consider the load relative to 
the average annual flow. The ratio of mean annual load to mean 
annual flow volume is in effect a concentration and here is 
referred to as the average annual concentration. 
The contrast between relatively low concentrations in the 
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0 100 200 
.
kilometres 
FIG. 5. Mean seasonal suspended - sediment yield at Water Survey of Canada sediment stations. 
Potentla1 Sed~ment-2 
Contribul~ng Area (km ) 
FIG. 6. Mean seasonal suspended-sediment yield versus potential 
sediment-contributing area. Stations are identified by abbreviated 
Water Survey of Canada station numbers. 
mountain and Foothills streams and the high concentrations in 
the Alberta Plains portion of the basin parallels the pattern of 
variation of sediment yield (Fig. 8). Concentration is also rela- 
tively high in the two streams with Prairie sources (Swift Cur- 
rent Creek and Carrot River). The effect of the reservoirs in 
reducing suspended-sediment concentration in the Bow River 
at Calgary (05BH004), the South Saskatchewan River at Sas- 
katoon (05HG001), and Saskatchewan River downstream of 
Tobin Lake (05KD003) is also apparent. 
Potentla1 Sed~ment- 
Contribilt~ng Area (km2) 
FIG. 7. Mean seasonal suspended-sediment yield versus potential 
sediment-contributing area for subbasins. Stations are identified by 
abbreviated Water Survey of Canada station numbers. 
The concentration is relatively low in the upper North Sas- 
katchewan River at Whirlpool Point, in contrast to the high 
yield recorded at this site. This is a consequence of the glaci- 
ally dominated flow regime at this station. 
These results do not differ greatly from the only previous 
regional summary of annual concentrations (Stichling 1973), 
although further detail is now available showing that annual 
concentration over 1000 mg L-' occurs only in the portion of 
the Red Deer River downstream of Drurnheller. Concentra- 
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ASHMORE AND DAY 1457 
FIG. 8. Annual loadlflow ratio at Water Survey of Canada sediment stations. 
tions along the Oldman River also differ slightly from those 
mapped by Stichling from more limited data. 
Annual sediment regime 
The time distribution of suspended-sediment load at a station 
is strongly dependent on the discharge regime but is also influ- 
enced by variation in concentration, which, while positively 
colrelated with discharge, is indirectly related to it. Figure 9 
illustrates some of the variation in annual discharge and sedi- 
ment regimes within the Saskatchewan River basin. 
At high elevation in the Rocky Mountains (e.g., Marmot 
Creek) both discharge and sediment load have a single peak in 
June. This June peak also occurs in the larger Foothills and 
western Plains basins (e.g., Highwood River), where runoff 
from lower altitudes is responsible for significant flow and 
sediment load in May and to a lesser extent in April. In con- 
trast, the glacial regime of the upper North Saskatchewan 
River has a broad summer peak extending from May to Sep- 
tember, with a maximum in July. 
The Mountain snowmelt (and rain-on-snow) peak also pre- 
vails further downstream along the larger rivers, but it is 
delayed until late June or early July in the eastern portions of 
the basin (e,g., North Saskatchewan River at Prince Albert), 
where there is a second smaller peak in April, contributed by 
Prairie snowmelt. However, regulation has altered the regime 
at these stations. For example, at Prince Albert, upstream 
storage of the July flows for power generation has resulted in 
the April peak becoming the dominant sediment-transporting 
event (Ashmore 1987). 
The Prairie-source streams (e.g., Swift Current Creek) have 
a single peak in April caused by Prairie snowmelt and negli- 
gible load throughout the remainder of the year. Note that soil- 
erosion studies (Wall et al. 1983) suggest that the climatic 
indices of soil-erosion potential are very low during snowmelt 
and reach a peak in mid-summer. This difference in timing 
between peak soil erosion and peak stream sediment loads 
demonstrates that sediment routing from the field to the stream 
system is indirect and involves a considerable amount of 
storage. Indeed, if sediment loads are derived primarily from 
riparian sources there is very little connection between the 
magnitude and timing of soil erosion and stream loads. For this 
reason there may be large discrepancies between stream-borne 
sediment yields and field-scale soil-erosion rates calculated for 
the same area (Coote 1984). 
Seasonal clockwise hysteresis in the relationship between 
load and discharge is common. However, flow regulation of 
the larger rivers, in which large winter releases with very low 
sediment concentrations occur, has resulted in more compli- 
cated hysteresis patterns at some stations. 
Duration curves of daily concentration and yield 
Selected examples of daily concentration -duration and 
yield-duration curves are shown in Figs. 10 and 11. Table 2 
shows the values of graphical dispersion and graphical skew- 
ness (1199 and log [(I x 99)/502], respectively, where the 
numbers are percentiles of the distribution) of the daily con- 
centration and daily yield duration curve for all stations. 
Apart from the differences in average yield discussed earlier, 
some trends in the shapes of the duration curves can also be 
seen. The general trend downstream through the drainage 
system is for skewness and dispersion to be relatively low in 
the small mountain streams, to increase at the western margin 
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MARMOT CREEK HIGHWOOD RIVER NORTH SASKATCHEWAN RIVER SWIFT CURRENT CREEK NORTH SASKATCHEWAN RIVER 
NEAR THE MOUTH AT PRINCE ALBERT NEAR THE MOUTH AT WHIRLPOOL 
Tme (months) 
FIG. 9. Annual flow and load regimes for selected stations. 
of the Plains, and then to decrease downstream. Skewness and 
dispersion are also high in the small Prairie-source streams 
(e.g., Swift Current Creek). 
In two cases the duration curves are negatively skewed: the 
glacially fed North Saskatchewan River at Whirlpool Point and 
the Saskatchewan River at The Pas, in which flow is strongly 
regulated by lakes and by reservoirs. 
A spatial pattern of variation in dispersion and skewness 
very similar to that described for the daily yield-duration 
curves can be seen for the daily concentration -duration curves 
(Fig. 11). 
Without an understanding of the sediment delivery processes 
and properties of the major sediment sources it is difficult to 
explain the observed pattern of variability of the duration 
curves. The maintenance of relatively high concentration at 
low discharge in the Prairie rivers may be aided by the supply 
of fine-grained wash-load-calibre sediment from badlands 
areas. It is conceivable that discharge regime may also influ- 
ence the form of the yield-duration and concentration- 
duration curves. 
Magnitude and frequency characteristics 
Table 3 lists average maximum 4 consecutive-day and 36 
consecutive-day loads as a percentage of the seasonal load. 
Because only a small fraction of the total load is transported 
during winter, these values are approximately equivalent to 
proportions of the annual load and therefore represent 1 and 
10% of the time, respectively. The highest 4 consecutive-day 
load ranges from 4 to 40% of the seasonal total load and aver- 
ages about 20% for the stations analysed. For individual years 
the range is greater than this, with a maximum of 72 % (Willow 
Creek) and a minimum of 2.9% (Saskatchewan River below 
Tobin Lake). The highest 36 consecutive-day load accounts 
for 25-90% of the seasonal total load and in some years 
approaches 100% in Swift Current Creek and the Carrot River. 
The highest proportional 4 and 36 consecutive-day loads 
occur in the streams on the western margin of the Alberta 
Plains and also in the two Prairie-source streams (Swift Current 
Creek and the Carrot River). The larger Prairie rivers, as well 
as those strongly influenced by upstream flow regulation, have 
much lower proportions of the total load transported during 
short time periods, as does the glacier-fed North Saskatchewan 
River at Whirlpool Point. Hudson (1983) showed that there is a 
downstream increase from the Foothills to the Plains in the 
proportion of the annual load transported by the largest events 
in the Elbow River basin. However, in the mountain head- 
waters of the Elbow River, a lower proportion of the total load 
is transported during large events than downstream in the Foot- 
hills portion of the basin. This is also true of the headwaters of 
the Oldman River (compare Crowsnest River at Frank, 
Oldman River at Waldron's Comer, and Oldman River at 
Brocket in Table 3). 
Figure 12 shows some examples of cumulative load - dura- 
tion curves from the long-term stations. Index values from 
these and the other long-term stations are given in Table 3. The 
pattern of variation between stations is similar to that for the 4 
and 36 consecutive-day loads. Greater proportions of the total 
load are transported by short-duration events in the eastern 
slopes streams (particularly the Oldman River and Willow 
Creek) and in the Prairie-source streams (Swift Current Creek) 
than in the large Prairie rivers (South Saskatchewan River at 
Highway 41 and near Lemsford; Red Deer River near Bind- 
loss), the glacier-fed upper North Saskatchewan River, and 
some other mountain headwaters. The consequence is that the 
proportion of the total load transported in a given percentage of 
the time decreases downstream along the main rivers from the 
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AA8 Crowsnest Rlver 
AA24 Oldrnan Rlver 
near Brcxket 
A07 Oldrnan Rlver 
near LeThbndge 
CK4 Red Deer R~ver 
near B~ndloss 
DA9 North Saskatchewan Rlver 
at Whirlpool Polnt 
GG1 North Saskatchewan Rlver 
at Prlnce Albert 
HD37 Swlfi Current Creek 
near the mouth 
KJ l  Saskatchewan Rlver 
at The Pas 
Percentage of time daily yield 
is equalled or exceeded 
FIG. 10. Daily suspended-sediment yield - duration curves for 
selected stations. 
Foothills to the Plains. For example, along the Oldman River 
the percentage of the total load transported in 0.1 % of the time 
decreases downstream from 20 % at Brocket, to 18 % at Leth- 
bridge, to 8 % at Highway 41, to 4 % near Lemsford, and to 2 % 
at Outlook. 
It should be pointed out that these percentage loads in per- 
cent time are calculated for seasonal data only (i.e., for the 
period April to October) so that the stations with only seasonal 
data could be included in the analysis. On average 95 % of the 
annual load is transported during the open-water season; there- 
fore, if the calculations were made for the whole year the per- 
centage of the annual load transported in a given percentage of 
GG1 North Saskatchewan R~ver 1 at Prince Albert \\\ t 
0.1 1 5 10 30 50 70 9 0 9 5  99 
Percentage of T ~ m e  Daily Concentration 
IS Equalled or Exceeded 
- 
FIG. 11. Daily suspended-sediment concentration - duration 
curves for selected stations. 
HD37 Switt Current Creek 
near the mouth 
KJ1 Saskatchewan R~ver 
al The Pas A AS 
the time would be greater than reported here. 
This pattern of changing magnitude - frequency characteris- 
tics across the drainage basin is similar to that shown by 
Robinson (1972) and Dickinson and Wall (1977). Dickinson 
and Wall's Fig. 6, showing regional contrasts in cumulative 
load versus percentage time, is very similar to our Fig. 12 
except that their Prairie-source streams plot to the right of the 
large Prairie streams with mountain sources, rather than on the 
extreme left as in Fig. 12. The explanation for this difference 
may lie in Dickinson and Wall's (1977) choice of Prairie- 
source streams. It is possible that the large streams such as the 
the Red River or Assiniboine River in Manitoba have cumula- 
tive duration curves of the form shown by Dickinson and Wall 
(1977) for Prairie-source streams, in contrast to the relatively 
small basins of Carrot River and Swift Current Creek. 
The differences in the relative significance of short-duration 
events in the total sediment load of these streams may be 
related to differences in drainage area as well as in the hydro- 
logical regimes (Wolman and Miller 1960). Thus, the eastern 
slopes have annual regimes in which a large proportion of the 
annual load is transported in only one or two months (usually 
May and June). Similarly, the annual regimes of the Prairie- 
source streams are dominated by a single spring runoff event. 
1 
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TABLE 2. Graphical dispersion and skewness of daily sediment yield-duration and concentration-duration curves 
Daily suspended-sediment Daily suspended-sediment 
yield (t km2)  (concentration (mg L-') 
Station name Station No. Dispersion Skewness Dispersion Skewness 
Crowsnest River at Frank 05AA008 23.1 0.95 9.3 0.25 
Oldman River near Waldron's Comer 05AA023 81.3 1.06 14.8 0.99 
Oldman River near Brocket 05AA024 156.6 1.41 29.3 0.85 
Willow Creek near Claresholm 05AB02 1 204.7 1.42 42.2 0.60 
Willow Creek above Chain Lakes 05AB028 188.1 1.75 24.4 1.00 
Oldman River near Lethbridge 05AD007 139.7 1.79 20.7 1.11 
South Saskatchewan River at Highway 41 05AK00 1 125.6 0.83 29.0 0.38 
Marmot Creek main stem near Seebe 05BF016 13.5 1.36 6.2 1.18 
Bow River at Calgary 05BH004 18.5 0.95 8.6 0.56 
Elbow River at Bragg Creek 05BJ004 75.8 1.95 21.1 1.63 
Highwood River near the mouth 05BL024 127.8 1.73 31.8 1.04 
Red Deer River at Red Deer 05CC002 123.9 0.90 29.3 0.73 
Red Deer River at Drumheller 05CE001 79.9 0.77 38.1 0.60 
Red Deer River near Bindloss 05CK004 57.1 0.65 13.5 0.45 
South Saskatchewan River near Lemsford 05HB001 48.2 0.41 12.1 0.03 
Swift Current near the mouth 05HD037 292.6 2.42 37.6 1.12 
South Saskatchewan River at Saskatoon 05HGOO1(1962-1963) 44.0 0.57 13.2 0.28 
(1967- 1971) 97.4 0.41 17.1 0.31 
North Saskatchewan River at Whirlpool Point 05DA009 40.9 -0.85 11.0 -0.34 
North Saskatchewan River at Prince Albert 05GG001 46.6 1.02 8.8 0.41 
Carrot River near Smoky Bum 05KC001 145.1 2.77 14.3 0.64 
Saskatchewan River at The Pas 05KJOO1 18.1 -0.17 6.9 -0.34 
In contrast, the large Prairie streams have spring and summer 
peak load periods of longer duration than either of the previous 
two groups. In addition, it is likely that the smaller basins are 
more strongly affected by intense storms that cover a limited 
area than are the large Prairie basins. 
The possible influence of differences in the discharge regime 
on the magnitude -frequency characteristics of sediment trans- 
port can be seen in Fig. 13. Here the percentage of the seasonal 
total load transported in 1 % of the time is plotted against the 
graphical dispersion and skewness of the daily flow-duration 
curve. There is a clear positive correlation between the propor- 
tion of the seasonal load transported in 1 % of the time and both 
the dispersion and skewness of the discharge-duration curve 
(correlation coefficients are 0.787 and 0.605, respectively; 
both exceed the 0.01 significance level). However, there is a 
danger of spurious correlation because discharge is used in 
computing sediment load. Presumably these differences in 
flow regime and discharge duration may in turn be related to 
drainage area (e.g., downstream attenuation of flood waves 
from the mountains to the Saskatchewan Plains), topography, 
and other physical properties of the drainage basins as well as 
differences in the precipitation and snowmelt inputs to the 
streams. However, sediment delivery and source area charac- 
teristics also need to be considered. Explanation of the differ- 
ences in temporal patterns of sediment transport in these terms 
is beyond the scope of this paper but is an important future step. 
Summary and conclusions 
The suspended-sediment transport characteristics of streams 
in the Saskatchewan River basin show considerable variation 
across the basin because of differences in geology, physiog- 
raphy, hydrological regime, and drainage area. 
Estimates of mean annual sediment load are not directly 
comparable between stations because of differences in the 
AK1 South Saskatchewan R~ver 
at Hwy 41 
CC2 Red Deer R~ver 
at Red Deer 
CK4 Red Deer Rlver 
near B~ndloss 
North Saskatchewan Rlver 
at Wh~rlpool Po~nt 
HB1 South Saskatchewan R~ver 
near Lernsford 
HI337 Sw~ft Current Creek 
near the mouth 
KJ1 Saskatchewan Rlver 
at The Pas 
0 
o ib i o  do 4b 5b 60 70 so 90 loo 
Percentage of T~me Selected Load 
1s Equalled or Exceeded 
FIG. 12. Cumulative load - duration curves for selected stations. 
length and period of record. 
Mean annual sediment yield increases downstream along 
the major rivers between the Rocky Mountains and the Sas- 
katchewan Plains. Thus, sediment yield tends to increase with 
drainage area in these streams, contrary to the pattern widely 
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BASIN TYPE 
x Small mountain 
lntermed~ate foothills 
and western pla~ns 
10- A x A Large pla~ns 
0 Pralrle source 
0 I I 
0 h 4 6 10 l h  14 16 18 
Graphlcal D~spers~on of Dally Mean 
Dlscharge Durat~on Curve 
Graphlcal Skewness of Dally Mean 
Dlscharge Duration Curve 
FIG. 13. Relationship between the cumulative proportion of the 
total load transported in 1 % of the time and the dispersion and skew- 
ness of the daily discharge-duration curve. 
observed in many small basins, because of the overriding influ- 
ence of the differences in geology and physiography between 
the Plains and the mountains. 
The dispersion and skewness of  the daily yield - duration and 
concentration-duration curves are greatest in the basins close 
t o  the Rocky Mountains and in the two small Prairie-source 
streams. These are  also the basins that have the most skewed 
cumulative load - duration curves and have sediment-transport 
regimes dominated by high-magnitude events. Thorough expla- 
nation of the differences in temporal and spatial characteristics 
of the sediment yield awaits better understanding of the hydro- 
ment laboratories. The authors thank the staff of the Sediment 
Survey Section, Water Resources Branch, for their assistance, 
Keith Bigelow and Zofia Wolinski for drafting and producing 
the diagrams, and two anonymous reviewers for their com- 
ments. 
ASHMORE, P. E. 1986. Suspended sediment transport in the Saskatch- 
ewan River basin. Sediment Survey Section, Water Survey of 
Canada, Water Resources Branch, Inland Waters Directorate, 
Environment Canada, Report IWD-HQ-WRB-SS-86-9. 
1987. Sediment station analysis: North Saskatchewan River 
at Prince Albert. Sediment Survey Section, Water Survey of 
Canada, Water Resources Branch, Inland Waters Directorate, 
Environment Canada, Report IWD-WNR(S)-WRB-SS-87-1. 
CAMPBELL, I. A. 1977. Stream discharge, suspended sediment and 
erosion rates in the Red Deer River basin, Alberta, Canada. In Ero- 
sion and solid matter transport in inland waters. International Asso- 
ciation of Scientific Hydrology, Publication 122, pp. 244-259. 
COOTE, D. R. 1984. The extent of soil erosion in western Canada. In 
Soil erosion and land degradation. Proceedings, 2nd Annual 
Western Provincial Conference on Rationalization of Water and 
Soil Research and Management, Saskatoon, Sask., 1984, pp. 
34 -48. 
DAY, T. J., and SPITZER, M. 0 .  1985. Sediment station analysis: 
Highwood River near the Mouth 05BL024. Sediment Survey Sec- 
tion, Water Survey of Canada, Water Resources Branch, Inland 
Waters Directorate, Environment Canada, Report IWD-WNR(A)- 
WRB-SS-85-1. 
DICKINSON, W. T., and WALL, G. J. 1977. Temporal and spatial pat- 
terns in erosion and fluvial processes. In Research in fluvial sys- 
tems. Edited by R. Davidson-Arnott and W. Nickling. Geo Books, 
Nonvich, UK, pp. 133 - 148. 
FISHERIES AND ENVIRONMENT CANADA. 1978. Hydrological atlas of 
Canada. 
HUDSON, H. R. 1983. Hydrology and sediment transport in the 
Elbow River basin, S.W. Alberta. Ph.D. thesis, The University of 
Alberta, Edmonton, Alta. 
HUDSON, H. R., and ASKIN, R. W. 1987. An interpretive study of the 
upper Oldman River sediment regime. Sediment Survey Section, 
Water Survey of Canada, Water Resources Branch, Inland Waters 
Directorate, Environment Canada, Report IWD-WNR(A)-WRB- 
SS-87-3. 
HYDROCON ENGINEERING, LTD. 1987. Sediment station analysis: 
Red Deer River (05CC002,05CE001,05CK004). Sediment Survey 
Section, Water Survey of Canada, Water Resources Branch, Inland 
Waters Directorate, Environment Canada, Report IWD-WNR(A)- 
WRB-SS-87-1. 
KUIPER, E. 1962. Sedimentation South Saskatchewan River reser- 
voir. Prairie Farm Rehabilitation Administration, Department of 
Agriculture, report. 
LUK, S. H. 1975. Soil erodibility and erosion in part of the Bow River 
basin, Alberta. Ph.D. thesis, The University of Alberta, Edmon- 
ton, Alta. 
MCPHERSON, H. J. 1971. Dissolved, suspended and bedload move- 
ment in Two O'clock Creek, Rocky Mountains, Canada, summer 
1969. Journal of Hydrology, 12: 221 -233. 
1975. Sediment yields from intermediate-sized drainage 
basins in southern Alberta. Journal of Hydrology, 25: 243-257. 
NANSON, G. C. 1974. Bedload and suspended load transport in a 
small steep mountain stream. American Journal of Science, 274: 
logical contrasts within the basin but, more importantly, 471 -486.- 
improved understanding of  the link between stream-borne NEILL, C. R., and MOLLARD, J. D. 1982. Erosional processes and 
sediment and the source areas and delivery processes. sediment yield in the upper Oldman River basin, Alberta, Canada. 
Recent developments in the explanation and prediction of erosion 
Acknowledgments and sediment yield. International ~ssociat ionbf  Hydrological Sci- 
ences, Publication 137. 
The research for  this paper was carried out while the first NORTHWEST HYDRAULIC CONSULTANTS LTD. 1986. Sediment station 
author held a Natural sciences and Engineering Research analysis: Saskatchewan River at The Pas, 05KJ001. Water Survey 
Council of Canada visiting fellowship in  Canadian Govern- of Canada, Water Resources Branch, Western and Northern 
Ca
n.
 J.
 E
ar
th
 S
ci
. D
ow
nl
oa
de
d 
fro
m
 w
w
w
.n
rc
re
se
ar
ch
pr
es
s.c
om
 b
y 
U
ni
ve
rs
ity
 o
f W
es
te
rn
 O
nt
ar
io
 o
n 
11
/2
9/
13
Fo
r p
er
so
na
l u
se
 o
nl
y.
 
ASHMORE AND DAY 1463 
Region, Inland Waters Directorate, Environment Canada, Report 
IWD-WNR(W)-WRB-SS-86-1. 
PRAIRIE FARM REHABILITATION ADMINISTRATION. 1983. The deter- 
mination of gross and effective drainage areas in the Prairie prov- 
inces. Hydrology Report 104. 
RASID, H. 1979. The effects of regime regulation by the Gardiner 
Dam on downstream geomorphic processes in the South Saskatche- 
wan River. Canadian Geographer, 23: 140- 158. 
ROBINSON, M. W. 1972. Sediment transport in Canadian streams: a 
study in measurement of erosion rates, magnitude and frequency of 
flow, sediment yields and some environmental factors. M.A. 
thesis, Carleton University, Ottawa, Ont. 
SHAW, J., and KELLERHALS, R. 1982. The composition of recent 
alluvial gravels in Alberta river beds. Alberta Research Council, 
Bulletin 4 1. 
SLAYMAKER, H. 0 .  1972. Sediment yield and sediment control in the 
Canadian Cordillera. In Mountain geomorphology. Edited b y  
H. 0 .  Slaymaker and H. J. McPherson. Tantalus Research, Van- 
couver, B.C., B.C. Geographical Series, No. 14, pp. 235 -245. 
SLAYMAKER, H. O., and MCPHERSON, H. J. 1973. Effects of land- 
use on sediment production. In Fluvial processes and sedimenta- 
tion. Proceedings, Hydrology Symposium, The University of 
Alberta, Edmonton, Alta., May 1973, pp. 158-183. 
STICHLING, W. 1973. Sediment loads in Canadian rivers. In Fluvial 
processes and sedimentation. Proceedings, Hydrology Sympo- 
sium, The University of Alberta, Edmonton, Alta., May 1973, pp. 
39-72. 
STICHLING, W., and BLACKWELL, S. R. 1957. Drainage area as a 
hydrologic factor on the glaciated Canadian Prairies. International 
Association of Scientific Hydrology, Toronto, Ont., 1957, Vol. 3. 
pp. 365--376. 
WALL, G. J., DICKINSON, W. T., and GREUEL, J. W. 1983. Rainfall 
erosion indices for Canada east of the Rocky Mountains. Canadian 
Journal of Soil Science, 63: 271 -280. 
WALLING, D. E., and WEBB, B. W. 1983. Patterns of sediment yield. 
In Background to palaeohydrology. Edited b y  K. J. Gregory. 
Wiley, Chichester, UK, pp. 69 - 100. 
WEBB, B. W., and WALLING, D. E. 1984. Magnitude and frequency 
characteristics of suspended sediment transport in Devon rivers. In 
Catchment experiments in fluvial geomorphology. Edited b y  T. P. 
Burt and D. E. Walling. Geo Books, Nonvich, UK, pp. 399-415. 
WOLMAN, M. G., and MILLER, J. P. 1960. Magnitude and frequency 
of forces in geomorphic processes. Journal of Geology, 68: 54 - 74. 
YUZYK, T. R. 1983. Lake Diefenbaker, Saskatchewan: a case study 
of reservoir sedimentation. Sediment Survey Section, Water 
Survey of Canada, Water Resources Branch, Inland Waters Direc- 
torate, Environment Canada. 
Ca
n.
 J.
 E
ar
th
 S
ci
. D
ow
nl
oa
de
d 
fro
m
 w
w
w
.n
rc
re
se
ar
ch
pr
es
s.c
om
 b
y 
U
ni
ve
rs
ity
 o
f W
es
te
rn
 O
nt
ar
io
 o
n 
11
/2
9/
13
Fo
r p
er
so
na
l u
se
 o
nl
y.
 
